A total of 1,452 pigs [Group 1; 350 barrows (DNA 200 × 400; initially 13.2 lb)] and [Group 2; 1,102 barrows and gilts (PIC 1050 × 280; initially 13.3 lb)] were used to determine the effects of added Cu source and level on nursery pig performance. There were 5 pigs per pen and 10 replications per treatment in group 1, and 24 to 27 pigs per pen and 6 replications per treatment in group 2. Pens of pigs were allotted by BW to 1 of 7 dietary treatments arranged as a 2 × 3 factorial plus a control diet, with main effects of Cu source: IntelliBond-C (TBCC; Micronutrients, Indianapolis, IN), or Mintrex-Cu (Cu-chelate; Novus, St. Charles, MO) and Cu level (50, 100, or 150 ppm). Diets were corn-soybean meal-based and were fed in meal form in 2 phases (d 0 to 14 and 14 to 35). All diets contained a trace mineral premix formulated to contribute 17 ppm of Cu from CuSO 4 to the complete diet.
Diets were corn-soybean meal-based and were fed in meal form in 2 phases (d 0 to 14 and 14 to 35). All diets contained a trace mineral premix formulated to contribute 17 ppm of Cu from CuSO 4 to the complete diet.
Overall (d 0 to 35), a Cu source × level interaction was observed (linear, P = 0.042) for ADG where the rate of improvement with increasing Cu was greater in pigs fed Cuchelate diets compared to those fed TBCC diets. Increasing added Cu increased (linear, P = 0.001) ADG, ADFI, and improved F/G. Although Cu source did not influence F/G, pigs fed Cu from Cu-chelate had greater (P ≤ 0.007) ADG and ADFI than those fed Cu from TBCC. In summary, these results suggest that increasing TBCC or Cuchelate can improve growth performance of nursery pigs and it appears that pigs provided Cu from Cu-chelate have greater ADG, ADFI, and d 35 BW, than those provided Cu from TBCC.
Introduction
The NRC 4 reports weanling pigs have a nutritional Cu requirement of 6 ppm. However, according to Flohr et al., 5 many US swine nutritionists formulate nursery pig diets to contain as low as 11 ppm and as high as 250 ppm Cu. Feeding high levels of added Cu (125 to 250 ppm) in addition to what is provided by the trace mineral premix has resulted in increased ADFI and ADG. Huang et al. 6 compared two inorganic sources [tri-basic copper chloride (TBCC) and CuSO 4 ] of added Cu that ranged from 11 to 327 ppm in nursery pig diets and found growth benefits from feeding added Cu but no difference in growth between sources was observed.
Organic Cu sources are argued to be more bioavailable to the young pig due to their chemical structure compared to inorganic sources. It has also been documented in other species that both TBCC and Cu-chelate are more bioavailable than more typically used sources of Cu. 7,8 Tri-basic copper chloride and Mintrex-Cu (Cu-chelate; Novus, St. Charles, MO) differ in their chemical characteristics. Tri-basic copper chloride is an inorganic mineral source, which is non-hygroscopic and poorly soluble in water but highly soluble in acidic conditions. 9 Mintrex-Cu is an organic form of Cu [Cu(HMTBa) 2 ] that has been shown to be more bioavailable to the pig because of decreased binding activity with other dietary constituents, therefore suggesting less supplementation required in comparison with inorganic minerals in nursery pigs. 10 There is limited research available that directly compares the effects of increasing Cu from TBCC or Cu-chelate on growth performance of nursery pigs. Therefore, this study was designed to investigate the effects of increasing Cu from either TBCC or Cu-chelate on growth performance of nursery pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocols used for this study. Two groups of pigs were used for the experiment. Group 1 pigs were housed at the K-State Segregated Early Weaning Facility in Manhattan, KS. Group 2 pigs were housed in a commercial research facility in southwestern Minnesota. The research facilities were environmentally controlled. In group 1, each pen (4.0 × 4.0 ft.) had tri-bar flooring and contained one 4-hole dry self-feeder and one cup waterer to provide ad libitum access to feed and water. For group 2, each pen Swine Day 2017 (12.1 × 7.5 ft.) had plastic slatted flooring and contained one 6-hole dry self-feeder and one pan waterer to provide ad libitum access to feed and water. Data were combined from both groups and analyzed as a randomized complete block design using PROC GLIMMIX (SAS Institute, Inc., Cary, NC) with pen as the experimental unit and dietary treatment as the fixed effect. The random effect of block within group was used in the model. The main effects of source and level, as well as their interaction, were considered significant with P < 0.05 and marginally significant when P < 0.10 and ≥ 0.05.
Results and Discussion
The chemical analyses of the complete diets were similar to the intended formulation, and Cu additions increased across dietary treatments (Table 2 ). However, the chemical analysis for Cu concentration was slightly higher than expected for the control diets. Total Ca and P concentrations were similar among diets across each dietary phase.
From d 0 to 14 (13. 2 to 21.5 lb), there were no Cu source × level interactions observed ( Table 3 ). Increasing added Cu increased (linear, P ≤ 0.003) ADG and ADFI, which tended to improve (linear, P = 0.052) F/G. Although Cu source did not influence F/G, pigs fed added Cu from Cu-chelate tended to have greater (P = 0.081) ADG and (P = 0.053) ADFI than those fed added Cu from TBCC.
From d 14 to 35 (21.5 to 49.7 lb), there was a source × level interaction (linear, P = 0.011) for ADG reflective of a linear increase in ADG with each increasing level of Cu from Cu-chelate; however, pigs fed increasing levels of Cu from TBCC only had increased ADG at 150 ppm. Increasing Cu increased (linear, P = 0.001) ADFI and improved (linear, P = 0.001) F/G. Similar to performance from d 0 to 14, Cu source did not influence F/G; however, pigs fed Cu from Cu-chelate had greater (P ≤ 0.009) ADG and ADFI than those fed Cu from TBCC. are inconsistent with the study herein. The results from this study suggest that pigs fed diets containing increasing level of added Cu have improved growth performance in the initial, final and overall growth periods and that nursery pigs fed Cu from Cu-chelate have greater growth performance than those fed Cu from TBCC.
In this study, it appears the typical improved ADFI response to increasing added Cu helps to explain the growth response, in that increasing added Cu in the early (13.2 to 21.5 lb), late (21.5 to 49.7 lb), and overall (13.2 to 49.7 lb) nursery periods of the study improved both ADG and F/G. Others have found similar responses in previous studies with nursery pigs. 12, 13 In summary, these results suggest that increasing TBCC or Cu-chelate can improve growth performance of nursery pigs. From our data, it also appears pigs provided Cu from Cu-chelate may have greater ADG, ADFI, and d 35 BW than those provided Cu from TBCC. However, the study herein adds to an already conflicting database in the literature on whether nursery pig growth performance is dependent on Cu source. 
